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Diagnostic conjugate useful for intracellular imaging and for 
differentiating between tumor- and non-tumor cells 

The present invention relates to a diagnostic conjugate 
comprising (a) a transmembrane module (TPU) , (b) an address 
module (AS), preferably an antisense peptide nucleic acid 
(PNA), and (c) a signalling module (SM) . Said conjugate is 
useful for intracellular imaging, preferably via MRI, and, 
e.g., for differentiating between tumor- and non-tumor cells. 

Advances in MRI using the contrast agent Gadolinium (Gd) have 
led to a greatly enhanced precision in diagnostics. It has not 
yet been possible to depict the cell itself due to the 
extracellular distribution characteristics of the commonly 
used Gadolinium contrast agents. The intensively discussed and 
investigated Molecular Imaging methods could open the door to 
imaging at the cellular level. 

In order to depict the cell, a contrast agent is required 
which can pass into the intracellular space. There have been 
numerous proposals as to how this could be achieved: It was 
attempted to achieve an optimal uptake of iron in the cell 
using a conventional non-viral transfection method to promote 
the expression of the transferrin receptor. 

The gene for the transferrin receptor was transfered with the 
help of an adenovirus. However, it became apparent that the 
cells which overexpressed the transferrin receptor protected 
themselves from excess iron concentrations via an mRNA- 
mediated negative feedback inhibition of the transferrin- 
receptor causing decreased iron influx. This problem was 
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overcome using ETfR (Engineered Transferrin Receptor) and 
MIONs (Micro Iron Oxide Nanoparticles ) . This process is based 
on liquid-phase-endocytosis of dextrane-coated MIONs via the 
transferrin receptor . 

A further potentially attractive method for molecular imaging 
is the use of Gadolinium complexes (Magnevist® Schering) . It 
has been shown that the commonly used contrast agent Magnevist® 
is very well suited to the display of the intercellular space, 
but is not suitable for intracellular imaging. 

Micro-injection methods were used in Xenopus Laevis embryos 
(2-cell stadium) in order to accumulate gadolinium 
successfully in the intracellular space. One group attempted to 
accumulate a Gd-complex in the cell utilising high 
extracellular concentrations of a Gadolinium-complex (1-25 
mg/ml) in which maximal intracellular concentrations were 
attained after 100 hours. With the help of a viral transporter 
(HIV-1 tat-peptide) high intracellular concentrations of 
gadolinium and iron oxide nanoparticles were achieved. Another 
group has even identified the HIV-1 tat peptide in the cell 
nucleus. There are, however, still open questions as to the 
transactivating effects of the viral transporter HIV-1 tat 
peptide in "the "nucleus such "as "the induction of apoptosis in 
hippocampal neurons. To summarize, there are serious 
disadvantages of the previous approaches, e.g., the incubation 
time for, e.g., the Gadolinium-complex is far too long and the 
concentration of this complex that has to be used is extremely 
high resulting in serious side effects. Moreover, despite the 
advances in cellular transport, there remains the question of 
cell specificity, i.e. all the above mentioned methods have 
one problem in common: they cannot differentiate between tumor 
and non-tumor cells. 



Therefore, it is the object of the present invention to 
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provide a diagnostic means which overcomes the disadvantages 
of the diagnostic tools of the prior art, i.e. which allows 
the fast and precise non-invasive determination, preferably 
the molecular imaging, of gene expression pattern in cells of 
a patient. 

According to the invention this is achieved by the subject 
matters defined in the claims. The present invention provides 
a diagnostic conjugate comprising (a) a transmembrane module 
(TPU), (b) an addressing module (AS), preferably an antisense 
peptide nucleic acid (PNA) , and (c) a signalling module (SM) 
allowing to determine, e.g. by MRI, the expression profile of 
genes of interest, e.g. genes the expression of which differs 
between tumor cells and non tumor cells. In the experiments 
leading to the present invention, the intracellular uptake of 
the commonly used interstitial contrast agent gadolinium was 
improved by building an Antisense-Con j ugated-Gadolinium- 
Transporter (ACGT) consisting of a' transmembrane transport 
module (TPU) , an address module (c-myc mRNA directed 
antisense-sequence) and the Gd 3+ complex module. The so-called 
antisense-principle was used to realize a differentiation 
between tumor and non-tumor cells in MRI. Based - on the 
differing gene expression patterns seen in tumor cells as 
compared to normal ceTls, "the target-specific Antisense- 
Con jugated-Gadolinium-Transporter (ACGT) containing an 
antisense-sequence (Antisense = AS; Table 1) which is 
covalently bound to a t ransport-pept ide (TPU) of human origin, 
and thus does not have any effect on transactivat ing 
properties was highly useful. The virtually peptidase- und 
nuclease resistant modified oligonucleotides (PNAs) are 
complementary sequences which are bound to the Gd-transporter- 
complex targeted at c-myc mRNA. Upon contact of the antisense- 
conjugated-gadolinium- transporter (ACGT) containing c-myc- 
targeted peptide nucleic acids (PNAs) with c-myc mRNA in the 
cytoplasm, a hybrid is formed composed of PNA and RNA. This 
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hybrid begins to be slowly enzymatically cleaved after 24 
hours and the ACGT then starts to leave the cell, effectively 
causing a delayed efflux. In cells in which c-myc mRNA is 
hardly present (lymphocytes and other normal cells) there is 
no detectable hybridization, the efflux process is immediately 
initiated and causes a more rapid reduction in intracellular 
Gd-complex concentration. Using Magnet Resonance Imaging 
(MRI), Gadolinium was detected within HeLa cervix-carcinoma 
cells as well as non-tumor cells (lymphocytes) already after 
10 minutes. The ACG-Transporter was rapidly released from non- 
tumor cells, whereas, in HeLa cells, only a minimal efflux was 
observed. This suffices for a clear differentiation between 
tumor and non-tumor cells. 

Accordingly, the present invention relates to a diagnostic 
conjugate comprising (a) a transmembrane module (TPU) , (b) an 
address module (AS) , and (c) a signalling module (SM) . 

The transport mediator for the cell membrane ( = transmembrane 
module (TPU) ) is a peptide or polypeptide which can penetrate 
the plasma membrane. The length of this peptide or polypeptide 
is not subject to any limitation as long as it has the above 
property. Examples of TPUs are derived preferably from the 
penetratin family (Derossi et et al., Trends Cell Biol. 8: 84- 
87, 1998) or are transportan or parts thereof (Pooga et al. , 
The Faseb Journal 12: 68, 1998), those of the penetratin 
family being preferred. 

In a preferred embodiment, the transmembrane module is a human 
transmembrane peptide, preferably comprising one of the 
following amino acid sequences: KMTRQTWWHRIKHKC; 

MTRQTFWHRIKHKC or KHKIRHWFTQRTMC ( Proteindatenbank) . 

The transmembrane module (TPU) is produced biologically 
(purification of natural transmembrane peptides or fragments 
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thereof, or cloning and expression of the sequence in a 
eukaryotic or prokaryotic expression system) , preferably 
synthetically, e.g., according to the well established 
„Merrif ield method'' (Merrifield, J. Am. Chem. Soc. 85: 2149, 
1963) . 

The selection of the address module (AM) depends on the nature 
of the molecules to be detected which can be, e.g., proteins 
or mRNAs and the person skilled in the art can easily select 
suitable address modules. The address module may be a nucleic 
acid, a protein or peptide, a chemical substance etc. Suitable 
address modules comprise, e.g., antibodies or fragments 
thereof, other ligands for proteins, e.g. ligands to 
receptors, or antisense RNAs with antisense nucleic acids 
(PNAs) which have already been discussed above being 
preferred. Methods for isolating and/or synthesising suitable 
address modules are well known to the person skilled in the 
art and described in standard literature and text books. 

In a preferred embodiment, the peptide nucleic acid (PNA) of 
the diagnostic conjugate of the present invention is capable 
of hybridizing with an mRNA the expression or mis-expression 
of which is associated with a disease. Examples of diseases 
that can be diagnosed by use of the conjugate of -the -present 
invention are those being characterized by a modified gene 
expression pattern, with tumors being preferred. For the 
diagnosis of tumors PNAs are useful specifically hybridizing 
to mRNAs like c-myc- (Waardenburg et al., Anticancer Res. 18, 
pp. 91-95 (1998); lung and prostate tumors), c-ras-, her- 
(Siamon et al., New England J. Medicine 344, 783-791 (2001), 
breast tumors), sstl- or sst2-mRNA (Balon et al., J. Nucl. 
Medic. 42, 1134-1138 (2001), brain tumors). 

In a more preferred embodiment, the peptide nucleic acid (PNA) 
of the diagnostic conjugate of the present invention is 
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capable of hybridizing with a region of Exon II of the c-myc- 
mRNA and comprises the sequence H 2 N-ATGCCCCTCAACGTTAGCTT-COOH . 

The signalling module (SM) is not subject to limitations. It 
can be choosen freely, depending on the effect which shall be 
produced in a cell. The nature of the signalling module 
depends on the desired diagnostic application which might be , 
e.g., in the field of nuclear medicine, MRT, MRS, 
ultrasonication or which might be based on optical methods, 
SPECT, PET or y camera. The person skilled in the art knows 
suitable signalling modules suitable for particular 
applications . 

In a preferred embodiment, the signalling module ( SM) is Gd, 
Fe or F. Preferably, said atoms or ions are linked to the 
address module as a chelate complex using, e.g., as the 
chelating agent diethylenetriaminepentaacetic acid (DTPA)as 
described in the Examples below. It could be shown previously, 
that in addition to Gd, Fe, e.g. ferric oxide nanoparticles 
(MIONs) or dextrane-coated magnetic beads trapped are useful 
for MR imaging. 

The conjugate of the present invention, preferably contains 
(a") spacer (s) "which is (are) preferably located between the 
transmembrane module (TPU) and the address module (AS) and/or 
the address modul (AS) and the signalling module (SM) . The 
spacer serves for eliminating or positively influencing 
optionally existing steric hindrances between the modules 
and/or allows to separate modules from each other, e.g., in 
the cytoplasma of a cell. 

In a preferred embodiment, the transmembrane module (TPU) of 
the diagnostic conjugate of the present invention is coupled 
to the address module (AS) via a covalently cleavable spacer I 
and/or the address module (AS) is coupled to the signalling 
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module (SM) or a compound trapping the signalling module (SM) 
via a covalently non-cleavable spacer II. 

In a more preferred embodiment, spacer I comprises a redox 
cleavage site, e.g. a disulfide bridge ( -cysteine-S-S- 
cysteine-O-N-H-) . The binding formed between the transmembrane 
module (TPU) and address module (AS) is a redox coupling (mild 
cell-immanent bond by means of DMSO; Rietsch and Beckwith, 
1988, Ann. Rev. Gent 32: 163-184): 

Cysteine-SH SH-cysteine => cyst ine-S-S-cystine 

The coupling of the constituents thereto is made by covalent 
chemical binding. The redox cleavage site is inserted 
chemically between TPU and AS by the above mentioned redox 
coupling. There is also a covalent bond, preferably an acid 
amide bond, between the optionally present spacer (s) and the 
module (s) of the conjugate. Possible alternatives are ether or 
ester bonds, depending on the functional group (s) present in 
the substance to be conjugated. 

In an even more preferred embodiment, spacer II of the 
diagnostic conjugate is polylysine. 

The address module (AS), signalling modul "(SM) and or spacer 
II may optionally be labelled, e.g., radioactively , with a 
dye, with biot in/avidin, etc. Preferably, spacer II carries an 
FITC-label . 

The most preferred embodiment of the diagnostic conjugate of 
the present invention has the following structure: 
transmembrane module (TPU) - spacer I comprising a cleavable 
disulfide bridge - address module (AS) - spacer II 
signalling module (SM) or compound trapping the signalling 
module (SM) . 
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The present invention also relates to a diagnostic composition 
containing a diagnostic conjugate of the present invention as 
well as various uses of said diagnostic conjugate. A preferred 
use is the selective Jdetection of tumor cells, e.g. by MRI, 
using as contrast agent Gd as signalling module (SM) . 

Brief description of the drawings 

Figure 1: Graph of MR signal intensity versus time for HeLa- 
cells and lymphocytes with 

(a) ACGT (specific antisense) ; 

(b) RCGT (random sequence) 

Figure 2: Confocal laser scanning microscopy (CLSM) of human 
HeLa cervix carcinoma cells. 

Cytoplasm directed ACGT { Gd 3+ -DTPH-Lys-Lys- [AS] -Cys-const ructs 
(100 pM, FITC labeled)} (#153c, Table 1). After 1 h 
incubation, fluorescence signals were only detected within the 
cytoplasm, whereas the nuclei remained unstained.. 

Figure 3: Hela cells 1 hour after incubation with MEM (Minimal 
Essential Medium) 

a) MEM alone (control) 

b) MEM + Magnevist (100 pM) 

c) MEM + ACGT (100 pM) 

Figure 4 : Nucleic acid sequence of the C-myc huin DNA Exon 1Z and the 
complete c-myc mRNA. 

The exact location at which the ACGT is targeted (green) is 
shown. Exon I untranslated (blue hatched), Exon II translated 
(red), Exon III partially translated (red and blue hatched) 
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The following examples illustrate the invention. 



Example 1 



General Methods 



(A) Cell culture 

Exponentially grown human HeLa-Cervix-Carcinoma-Cells and non- 
tumor cells (peripheral Lymphocytes) (DKFZ tumor bank) were 
cultivated in minimal essential medium (MEM culture medium, 
Sigma-Aldrich, Tauf kirchen, Germany #8028) supplemented with 
10% Fetal Bovine Serum (FBS, Sigma, Germany), 2 mM glutamine, 
100 U/ml penicillin, 100 pg/ml streptomycin (Gibco Life 
Technologies, Karlsruhe, Germany). Cells were grown as 
monolayers in a mycoplasma free state as monitored by PCR 
(Mycoplasma PCR Primer Set; Stratagene Europe; Amsterdam, NL) . 

(B) Cell growth measurements 

Cell growth measurements were performed by using a Coulter 
Counter ZM (Coulter Electronics Limited, Luton, England) . 

(C) Synthesis of Cys- [ Ant isense- or Random-Sequence] - 
Diethylenetriamine-pentaacetic Acid (DTPA) 

To perform solid phase synthesis of "peptide modules- the Fmoc- - 
strategy was used in a fully automated synthesizer Syro II 
(MultiSyn Tech, Witten, Germany). The synthesis was carried 
out on 0.05 mM Fmoc-As-TCP-resin (Trityl-Resin) . The coupling 
agent used was 2- ( lH-Benzoetriazole-l-yl ) -1, 1, 3, 3- 

tetramethyluronium hexaf luorophosphate (HBTU) . Side chain 
protecting groups were Lys(Boc), Cys(Trt) and Arg(Pbf). The 
protected peptidyl resin was treated with 20% 
Hexaf luoroisopropanol in Dichloromethan for 5-10 minutes which 
in turn resulted in the fully protected peptide. In the first 
step, treatment with Diethylenetriamin . was performed followed 
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by a treatment with chloroacetic acid to form DTPA in the c- 
terminus of the peptide. 

The protected peptidyl-DTPA was treated with 20% piperidin in 
dimethyl formamide . Cleavage and deprotection of the peptide 
resin were effected by treatment with 90% t r if luoroacetic 
acid, 5% ethanedithiol, 2.5% thioanisol, 2.5% phenol (v/v/v/v) 
for 2.5 hours at room temperature. All products were 
precipitated in ether and purified by preparative HPLC 
(Shimadzu LC-8A, Duisburg, Germany) on a YMC ODS-A 7A S-7 pm 
reverse phase column (20 x 250 mm) using (a) 0.1% 
trif luroacetic acid (TFA) in water and (b) 60% acetonitrile in 
water as eluent. Peptides were removed with a successive 
linear gradient increasing from 25% B to 60% B in 40 min at a 
flow rate of 10 ml/min. The fractions corresponding to the 
purified conjugates were lyophilized. Sequences of single 
modules as well as the complete bimodulear construct (Table. 
1) were characterized with analytical HPLC (Shimadzu LC-10, 
Duisburg, Germany) and laser desorption mass spectrometry 
(Finnigan Vision 2000, Thermguest Analyt. Systeme, Egelsbach, 
Germany) yielding purification grades greater than 90%. The 
TPU transmembrane peptide (#3723; Table 1) and the AS/random 
PNA peptides (#153a/b; Table 1) were prepared in an identical 
procedure (Merrif ield, J . Airier." Chem". Soc." 85": " 2149^2154 , 
1963; Capino and Han, J. Org. Chem. 37: 3404-3409 (1972)). 

(D) DTPH Gd-complex formation 

Stochiometric amounts of peptide-DTPA and Gd 3+ (Sigma-Aldrich, 
Germany, Cat. No. G7532) were solved in an aqueous NaCl- 
solution (0,9%). After 12 hours the complexation process was 
stopped and purified as described in the previous section. The 
random PNA construct (#153b; Table 1) was prepared with an 
identical carrier conjugate. 



(E) Fluorochrome labeling 
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The Gd J -DTPH-Lys-Lys- [AS] -Cys-constructs (#153c; Table 1) were 
FITC-labeled only at the non-cleavable lysine-spacer site on 
the 8-amino group via usual peptide linkage during the first 
peptide synthesis . 

(F) Peptide purification 

All products were precipitated in ether and purified by 
preparative HPLC (Shimazu LC-8A) on a YMC ODS-A 7A S-7 \im 
reverse phase column (20 x 250 mm) using of 0.1% 
trif luoroacetic acid in water (A) and 60% acetonitrile in 
water (B) as eluent. Peptides were eluted with a successive 
linear gradient increasing from 25% to 60% B-eluent in 4 9 min 
at a flow rate of 10 ml/min. The fractions corresponding to 
the purified conjugate were lyophilized. Seguences of single 
modules as well as the complete bimodulear construct are 
characterized with analytical HPLC (Shimadzu LC-10) and laser 
desorption mass spectrometry (Finnigan, Vision 2000) . 

(G) Antisense Conjugated Gadolinium Complex (ACGT) -Peptide 
linkages 

Cysteine groups of the human transmembrane peptide TPU [#3723; 
H 2 N-KMTRQTWWH RIKHKC- (Cys-CO-NH 2 ) - ( SH ) -CONH 2 ; TPU (hum) ] and the 
address peptide module Gd-compound { [AS/ random] (#153a/ 153b; 
Gd 3+ -DTPH-K-K-HN- (Cys-CO-NH 2 ) - (SH) -CONH 2 ; SV4 0-T -antigen) } (Table 
1) were oxidized at the range of 2 mg/ml in a 20% DMSO water 
solution. 5 hours later the reaction was completed. The 
progress of oxidation was monitored by analytical C18 reverse 
phase HPLC. 

(H) Localization of the ACGT 

HeLa tumor cells plated on sterile, silan-coated glass slides 
embedded in quadriPERM plus (Heraeus, Osterode, Germany) and 
incubated for 24 h. After two wash-cycles with MEM culture 
medium, the cells were incubated with Gd 3+ -DTPH-AS] -K 2 -Cys- 
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constructs (100 pM) at 37 °C in 5% C0 2 for 1 hour. Living cells 
were analysed by CLSM (Zeiss LSM 310, Oberkochem, Germany) . 
The excitation line of an argon/ krypton laser was used to 
detect fluorescence signal from FITC-labeled Gd 3+ -DTPH-Lys-Lys- 
[AS]-K 2 ~Cys-constructs (#153c) (Table 1). To increase the 
contrast of optical sections, 12-20 single exposures were 
averaged. Parameters of the image acquisition were adapted to 
show signal intensities in accordance with the visual 
microscopic image . 

(I) MR Imaging 

(a) Kinetic studies : HeLa-cell-Uptake of the Gd-complex- 
transporter [without address-sequence or with either antisense 
(ACGT) - or random- sequence (RCGT) ] compared to Magnevist®. 

Living HeLa-cells were harvested and divided into tubes 
(Falcon) (Cell No.: 20 x 10 6 cells per tube). The Gd-complex- 
transporter without address-sequence and the Magnevist® were 
each dissolved in MEM culture medium in a concentration of 100 
pM and were then incubated for 10, 20, 30 and 60 minutes. 
After centrif ugation of the tubes (800 rpm x 10 min) , the 
incubation medium (supernatant) was removed and the cells 
(pellet) were washed twice with culture medium without 
conjugates to remove all unbound Gd 3+ -DTPH (Magnevist®) and Gd- 
complex- transporter . 

MR imaging used a 1.5-T whole body Siemens „Magnetom Vision 
Plus" with a standard circular polarized head coil. The test 
tubes were firmly positioned parallel to each other totally 
submerged in a water bath. The imaging protocol consisted of a 
sagittal and coronar Tl-weighted spin-echo-sequence (TR: 600ms 
/TE:15 ms, scan time: 45 sec). The field of view (FOV) was 200 
mm x 200 mm, using an 256 x 256 imaging matrix and two 
acquisitions. Slice thickness was 2 mm resulting in a pixel 
size of 0.79 mm x 0.78 mm. Tl and T2 relaxation-times within 
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the pellets of both tubes were measured to evaluate the 
intracellular relaxivity of the respective contrast agents 
(R=1/T1) . The Tl-relaxation time was measured by means of an 
inversion-recovery-sequence (TR: 5000 ms/TE: 76 ms/TI: 25 - 
4000 ms, 15 different Tl-values, scan-time 15 x 25 sec, FOV: 
160 mm x 160 mm, Matrix: 132 x 256, slice thickness: 7 mm, 
pixel size: 1,21 x 0.63 mm). T2 relaxation-time was measured 
by a multi-echo-sequence (TR: 5000 ms/ 16 TE-values: 30 ms - 
245 ms, FOV: 250 mm x 250 mm, Matrix: 256 x 256, slice 
thickness: 5 mm, pixel size: 0.98 x 0.98 mm, scan time: 21 min 
21 sec) . Signal-intensity measurements were obtained from HeLa 
cervix carcinoma cells and background. A tube with HeLa cells, 
incubated in MEM medium without contrast agent, was used as a 
control. In this way, the HeLa cells were additionally tested 
for uptake of the Gd-complex-transporter when bound to either 
a c-myc targeted AS-sequence (ACGT) or a random-sequence 
(RCGT) . 

(b) HeLa-cell-efflux of the ACGT 

Due to a signal intensity maximum in lymphocytes and HeLa 
cells after a 60 minutes incubation time, it was decided to 
begin with efflux measurements after 1 hour. After this 
period, both cell types were- washed with- conjugate-free MEM- 
culture medium in order to remove all Gd-complexes . This 
procedure was repeated hourly until no signal increase 
compared to the control tube (HeLa cells or lymphocytes in MEM 
medium without contrast agent) could be detected in Tl 
weighted sequences . 

(c) Influx and efflux of the ACGT and RCGT (Random- Sequence - 
con jugated-Gadolinium-Transporter) in lymphocytes 

In order to test whether it is possible to differentiate 
between tumor and non-tumor cells in MRI using antisense, the 
same uptake and efflux experiments as performed with HeLa 
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cells were conducted using lymphocytes. 

Example 2 

The conjugate of the present invention is useful for cellular 
imaging and can discriminate between tumor- and non-tumor 

cells 

There were two primary aims in these experiments: Firstly, to 
achieve a rapid and high accumulation of Gadolinium within the 
cell by means of a transporter of human origin and, secondly, 
to achieve a high degree of cell-specificity between targeted 
and non-targeted cells. 

In pursuit of the first objective, it was attempted in a 
recent study to achieve an intracellular accumulation of 
gadolinium by application of high extracellular gadolinium- 
complex concentrations (1-25 mg/ml) resulting in an 
intracellular gadolinium-complex accumulation detectable by 
mass spectrometry methods peaking at 100 hours. However, time 
and concentration of the drug make a successful application of 
this method in vivo highly unlikely. 

This result reinforced the need for rapid transport ' across the 
cell membrane as a decisive factor in in vivo molecular 
imaging. A plasma-membrane-translocation-pept ide was reported 
in 1997 which was derived from a viral HIV-1 tat protein and 
possessed nuclear-import characteristics. Two years later, 
this truncated HIV-1 tat protein was used to accumulate iron 
and Gadolinium-complexes inside the cell. In this way, the 
Gadolinium-complexes could even be detected within the nucleus 
after incubation. However the HIV-1 tat peptide possesses a 
transactivating effect on the LTR (Long Terminal Repeat) - 
promotor. Due to these transactivating effects of HIV-1 tat 
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peptide which might also activate intracellular promotors, for 
the present study a different method was choosen and human 
transport-peptide-units which show a comparable transport 
efficiency were examined. 

Therefore, the choice for this study was to use a gadolinium- 
transporter-complex of human origin (Table 1) . An increased 
intracellular signal intensity in tumor cells and lymphocytes 
could be detected after just 10 minutes incubation with the 
human gadolinium-complex transporter and subsequently a 
maximum after 1 hour could be achieved (whole body 1,5 T 
Siemens Magnetom, standard circular polarized head coil) (Fig. 
la and b) . This result was confirmed using confpcal laser 
scanning microscopy (#153c) (CLSM) (Fig. 2). There was no 
signal detected in the nucleus which would suggest that the 
ACGT accumulated mainly in the cytoplasm (Fig. 2) . If, by way 
of comparison, Magnevist® alone was used as a contrast agent, 
there was no signal change above that of the HeLa cells that 
had been incubated solely in MEM (Fig. 3). The measured 
relaxivity R within the HeLa-cell pellets changed by a factor 
of 3.17 after incubation with the gadolinium-complex 
transporter (R=0. 000314) as compared to that after incubation 
solely with Magnevist® (R=0 . 000995) . 

Due to the lack of cell specificity of the viral HIV-1 tat 
peptide (no differentiation between tumor cells and normal 
surrounding tissue) high concentrations of this substance can 
be found in all cells. In the interest o'f the second objective, 
the cell-specificity, a different route was choosen by 
modifying the human gadolinium-complex transporter based on 
the differentiation between non-tumor and tumor cells as 
follows: 

The c-myc-oncogene stimulates the Gl/S transition of the cell- 
cycle by regulating the levels and activity of cyclins, 
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cyclin-dependent kinases (cdk) , cdk inhibitors and the pRb- 
binding transcription factor E2F. The E2F-pathway is 
deregulated in all tumors. This leads to a permanent 
upregulation of c-myc. The c-myc oncogene is characterized by 
three exons (Fig. 4). Exon I contains regulatory elements and 
will not be translated. Exon III will be partially translated, 
in contrast to the completely translated Exon II serving as 
the molecular target at the mRNA level in this study 
(translation initiation range) (Fig. 4). The ACGT is targeted 
at the c-myc-Exon II (Fig. 4). In normal, non-dividing cells, 
c-myc mRNA is hardly detectable. The antisense sequence of the 
ACGT binds to the c-myc mRNA in a stable manner. It is known 
that PNA-RNA-complexes possess a greater stability than DNA- 
RNA-complexes under physiological conditions. This suffices 
for the selection between c-myc-expressing and -lacking cells. 
Due to the retention of the ACGT solely in HeLa cells, the 
tumor cells can be clearly distinguished from normal cells in 
MRI. There was no observable difference in MRI in the influx 
of ACGT possessing the c-myc targeted AS-sequence between 
lymphocytes (non-tumor) and HeLa tumor cells (signal-intensity 
maximum after one hour) . 

The signal-intensity in lymphocytes after a 2 hour incubation 
time had fallen by more than half from the previously attained 
maximum value because of the lack of c-myc mRNA in the 
cytoplasm to hybridize with the AS-sequence (Fig. la). In 
tumor cells (HeLa cells) on the other hand, the presence of c- 
myc mRNA allowed a hybridization with the c-myc targeted ACGT 
which then delayed the efflux of the Gd-complex, thus causing 
a significant relative signal enhancement in these tumor cells 
for approximately 3 hours (Fig. la). The random-sequence- 
con jugated-gadolinium-transporter (RCGT) could not hybridize 
with the c-myc-oncogene which resulted in an immediate efflux 
and a rapid decrease in signal intensity (Fig. lb). Under these 
conditions apoptosis was not observed. 
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These results show that the conjugate of the present invention 
is useful in specific, non-invasive and side-effect-free 
diagnostic methods, e.g., for the molecular imaging of tumors, 
for example, follow-up's in tumor therapy. It would also seem 
to allow a clearer differentiation of tumor from healthy 
surrounding tissue in intraoperative MRI in neurosurgical 
procedures. Such intraoperative imaging is confronted with the 
problem of the surgical opening of the interstitial space 
which leads to the loss of interstitial contrast agent 
(Magnevist®) . A clear distinction between tumor and surrounding 
tissue is then no longer possible. The ACGT of the present 
invention circumvents this problem and, thus, represents a 
promising solution. Additionally, the diagnostic conjugates of 
the present invention allow a better differentiation between 
tumor and fibrotic, edematous or inflamed tissue. 
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Table 1 

Biochemical design of the functional modules used in the MRI 

study of Example 2. 



Prod. 
No. 


Module 


scheme 


Sequences 




#3723 


Transport-peptide 


TPU (human) 


H 2 N-KMTRQTWWHRIKHKC-(Cys-CO-NH2HSH)-CONH 2 ** 


#3724 


// 


II 


H 2 N>MTRQTFWHRIKHKC-(Cys-CO-NH2HSH)-CONH 2 


#3725 


// 


II 


H 2 N-KHKIRHWFTQRTMC-(Cys-CO-NH2)-(SH)-CON 2 




AC 
X00364 


Myc Gene DNA 
range Exon II 


c-myc (DNA) 


5\.. 45 2iATGCCCCTCA ACGTTAGCTT4540. .3* 




mRNA 


Myc mRNA range 
Exon II 


c-myc (mRNA) 


5' . . TACQGGQAOTTGC^ 












#12a 


Antisense 


AS-PNA 


H 2 N-ATGCCCCTCAACGTTAGCTT-(Cys-CO-NH 2 )-(SH)-CONH 2 ** 


#12b 


Random 


RD-PNA. 


H 2 N-GCCTAGACAATCTGCTATAG-(Cys-CO-NH 2 )-(SH)-CONH 2 




#153a 


ACGT j 


Gd J *-DTPH 


Gd 3+ [DTPH] 4 -HN-K 2 -AS-C-S 0 S-C-TPU 


#153b 


RCGT 


Gd J+ -DTPH 


Gd d+ [DTPH] 4 -HN-K 2 -RD-C-S^S-C-TPU 




#153c | ACGT-FITC | GcT-DTPH-FITC | Gd 3+ [DTPH] 4 -HN-K H,c; -K~AS-C-S 0 S-C-TPU 



#153a Antisense-Sequence-Conjugated-Gadolinium-Transporter 
#153b Random-Sequence-Conjugated-Gadolinium-Transporter 
#153c ACGT for CLSM 

S°S Cleavable spacer 

Single letter amino acid code 
ACX00364 Accession number SRS data base 
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Claims 

1. A diagnostic conjugate comprising the following components: 

(a) a transmembrane module (TPU) ; 

(b) an address module (AS) ; and 

(c) a signalling module (SM) . 

2. The diagnostic conjugate of claim 1, wherein the 
transmembrane module (TPU) is a human transmembrane peptide. 

3. The diagnostic conjugate of claim 2, wherein the 
transmembrane module (TPU) comprises the amino acid sequence 
KMTRQTWWHRIKHKC; MTRQT FWHRI KHKC or KHKIRHWFTQRTMC . 

4. The diagnostic conjugate of any one of claims 1 to 3, 
wherein the address module (AS) is an antisense peptide 
nucleic acid (PNA). 

5. The diagnostic conjugate of claim 4, wherein the antisense 
peptide nucleic acid (PNA) is capable of hybridizing with an 
mRNA the expression or mis-expression of which is associated 
with a disease. 

6. The diagnostic conjugate of claim 5, wherein the disease is 
a tumor . 

7. The diagnostic conjugate of claim 6, wherein the antisense 
peptide nucleic acid (PNA) is capable of hybridizing with c- 
myc- , c-ras-, hern-, sstl or sst2-mRNA. 

8. The diagnostic conjugate of claim 7, wherein the antisense 
peptide nucleic acid (PNA) comprises the sequence H 2 N- 
ATGCCCCTCAACGTTAGCTT-COOH . 
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9. The diagnostic conjugate of any one of claims 1 to 8, 
wherein the signalling module (SM) comprises Gd, Fe or F. 

10. The diagnostic conjugate of any one of claims 1 to 9, 
wherein the transmembrane module (TPU) is coupled to the 
address module (AS) via a covalently cleavable spacer I and/or 
the address module (AS) is coupled to the signalling module 
(SM) or a compound trapping the signalling module (SM) via a 
covalently non-cleavable spacer II. 

11. The diagnostic conjugate of claim 10, wherein spacer I 
comprises a cleavable disulfide bridge. 

12. The diagnostic conjugate of claim 10, wherein spacer I 
and/or spacer II comprises polylysine or polyglycine. 

13. The diagnostic conjugate of any one of claims 10 to 12, 
wherein spacer II carries an FITC-label. 

14. The diagnostic conjugate of any one of claims 1 to 14 
having the following structure: transmembrane module (TPU) 
spacer I comprising a cleavable disulfide bridge - address 
module (AS) - spacer II - signalling module '('SM')" or compound - 
trapping the signalling module (SM) . 

15. A diagnostic composition containing a diagnostic conjugate 
of any one of claims 1 to 14. 

16. Use of a diagnostic conjugate of any one of claims 1 to 14 
for . the preparation of a diagnostic composition for the 
selective detection of tumor cells. 
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Summary 



Diagnostic conjugate useful for intracellular imaging and for 
differentiating between tumor- and non-tumor cells 

Described is a diagnostic conjugate comprising (a) a 
transmembrane module (TPU) , (b) an address module (AS), 
preferably an antisense peptide nucleic acid ( PNA) , and (c) a 
signalling module (SM) . Said conjugate is useful for 
intracellular imaging, preferably via MRI, and, e.g., for 
differentiating between tumor- and non-tumor cells. 
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G 

Fig. 2. Confoca! laser scanning microscopy (CLSM) of human HeLa cervix carcinoma 
cells. Cytoplasm directed ACGT {Gd 3+ -DTPH-Lys-Lys-[AS]-Cys-constructs (100 pM, 
FITC labeled)} (#153c, Table 1). After 1 h incubation, fluorescence signals were only 
detected within the cytoplasm, whereas the nuclei remained unstained. 
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C-myc DNA (oncogene) 



AC X00364 

TTTAGGGGAT 
CCAGGTTTCC 
TCCAGCAGCC 
TCGACTACGA 
AGCAGCAGCA 
AGCTGCTGCC 
ACGTTGCGGT 
CCACGGCCGA 
GTTTCATCTG 
TGTGGAGCGG 
CTGCGCGCAA 
CCAGCTTGTA 
TCTTCCCCTA 
GCGCCTTCTC 
GCCCCGAGCC 
AGCGAAGCCC 
GCAGCTTATT 



AGCTCTGCAA 
GCACCAAGAC 
TCCCGCGACG 
CTCGGTGCAG 
GAGCGAGCTG 
CACCCCGCCC 
CACACCCTTC 
CCAGCTGGAG 
CGACCCGGAC 
CTTCTCGGCC 
AGACAGCGGC 
CCTGCAGGAT 
CCCTCTCAAC 
TCCGTCCTCG 
CCTGGTGCTC 
GCCCAGGCCT 
TAACGGGCCA 



GGGGAGAGGT 
CCCTTTAACT 
ATGCCCCTCA 



TCGGGACTGT 
CAAGACTGCC 
ACGTTAGCTT 



CCGTATTTCT 
QAGCCCCCGG 
dTGTCCCCTA 
TtCCTTCGGG 
ATGGTGACCG 
OSCGAGACCT 
GC^GCCAAGC 
AG^CCGAACC 
CTGfcVGCGCCG 
GACAGCAGCT 
GATtCTCTGC 
CAT GAGGAGA 
GTCARAAGTG 
CTCT^ATTAG 



ACTGCGACGA 
CGCCCAGCGA 
GCCGCCGCTC 
GAGACAACGA 
AGCTGCTGGG 
TCATCAAAAA 
TCGTCTCAGA 
CCGCCCGCGG 
CCGCCTCAGA 
CGCCCAAGTC 
TCTCCTCGAC 
CACCGCCCAC 
GGCGGCTGGA 
GAAGGAGAGA 



GGCGCGCACT 
TCCCGCTTTG 
CACCAACAGG 
GGAGGAGAAC 
GGATATCTGG 
CGGGCTCTGC 
CGGCGGTGGC 
AGGAGACAT G 
CATCATCATC 
GAAGCTGGCC 
CCACAGCGTC 
GTGCATCGAC 
CTGCGCCTCG 
GGAGTCCTCC 
CACCAGCAGC 
TACCTTTCCC 
TAG C AG AT CT 



GCGCGCTGCG 
TGTGCCCCGC 
AACTATGACC 
TTC TACCAGC 
AAGAAATTCG 
TCGCCCTCCT 
GGGAGCTTCT 
GTGAACCAGA 
CAGGAC T GT A 
TCC TACCAGG 
TGCTCCACCT 
CCCTCGGTGG 
CAAGACTCCA 
CCGCAGGGCA 
GACTCTGG T A 
ATTTTCATTfe 
GGAGAGAT^T 
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Target site c-myc Exon 11-mRNA 
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H 2 N-ATGCCCCTCJ^ 
Peptide Nucleic Acid complementary sequence (antisense) 



Fig 4. C-myChum DNA Ex on ii and the complete c-myc mRNA. Exact location at which 
the ACGT is targeted (green). Exon I untranslated (blue hatched, Exon II 
translated (red), Exon III partially translated (red and blue hatched) 



